INTRODUCTION
============

Radiology is a fundamental method for diagnosis and planning in Endodontics, since one of the basic concepts of endodontic treatment is working length determination for establishing the correct final distance between the end of obturation and the tooth apex. Investigations on this issue have primarily addressed the reduction in the radiation dose to the patient and improvement in definition of the radiographic image. Direct digital radiograph imaging has been employed for such purpose [@B05],[@B08],[@B10],[@B11].

A less costly option to increase the resources of radiographic image would be the indirect digitization of the conventional radiograph[@B04]. Digitized images can be modified by resources available on softwares for image handling in order to make adjustments, such as brightness, contrast, densitometric quantification, relief image and pseudo-colorizations[@B01],[@B04],[@B06],[@B07]. The digital resources might optimize the quality control of radiographic examination by revealing alterations not observed on the radiographs during examination on a film viewer[@B02],[@B03],[@B15],[@B16]. The digital systems further offer the possibility of quantifying the distance between two points in an image, which would be one of the major advantages of digital systems in Endodontics[@B02],[@B09],[@B13].

This study evaluated comparatively the quality of conventional radiographic imaging and indirect digitization of radiographs obtained during endodontic procedures.

MATERIAL AND METHODS
====================

Fifty sets of 4 radiographs take during endodontic treatment of single- and multi-rooted teeth at the undergraduate Endodontics clinic of the Dental School of Bauru, USP were selected. The radiographs were obtained with size 2, type E radiographic films (Ektaspeed; Kodak Company-Rochester, NY. USA) in X-ray units at 10mA and 60Kvp (Espectro II; Dabi Atlante, Ribeirão Preto, SP, Brazil), following the bisecting angle technique. Each radiograph of the set of four corresponded to one stage of endodontic treatment (canal length determination, gutta-percha point selection, lateral condensation and final obturation). Radiographic processing was performed with developer and fixing solutions for radiographic films (Kodak Company-Rochester) by the time-temperature method.

At the first stage of the study, the radiographs were mounted on cards with 4 frames, identified by numbers and evaluated on a film viewer, surrounded by a dark card to reduce the excess light, in a dark environment. Each radiograph was measured and analyzed, separately, by 3 calibrated examiners, two of them were undergraduate dental students and a maxillofacial radiologist, using magnifying glass (x4) and a millimeter ruler. Measurements were related to the distance between the material in the root canal and the tooth apex (file/apex, main gutta-percha point/apex and obturation/apex). The quality of radiographic images was also evaluated, using the following scale: -Poor: radiographs, yet allowing observation of the apex and periapical region of the tooth.-Acceptable: radiographs allowing good observation of the apex and periapical region of the tooth.-Good: radiographs with good observation of the images.

Radiographs were digitized on a scanner with transparency adapter of 8 bits, model HP Scanjet 4C/T (Hewlett Packard, USA) at 300 dpi in a TIFF format, transferred to a PC computer with Pentium processor, Windows system and imported to the Digora^®^ for Windows software version 1.51 (Orion Corporation Soredex, Helsinki, Finland). Free brightness/contrast adjustment was performed on Digora^®^ (Figure 1) and the images were once again evaluated as to their quality, following the \"poor, acceptable and good\" scale. After image enhancement, the distance between the tooth apex and the end of the root filling material was measured using only the positive image.

At the first stage, the arithmetic mean of the measurements achieved by the three examiners was calculated and used for statistical analysis by two-way analysis of variance (p\< 0.01).

RESULTS
=======

The measurements recorded with the two methods are presented in [Table 1](#t01){ref-type="table"}. The measurements of the first and second stage were compared by two-way analysis of variance with repeated measurements ([Table 2](#t02){ref-type="table"}).

###### Means and standard deviations of the measurements (in mm) obtained on the conventional and indirect digitized radiographs

  MEASUREMENTS                  CONVENTIONAL   DIGORA^®^   DIFFERENCE           
  ----------------------------- -------------- ----------- ------------ ------- -------
  Apex/File                     1.327          1.853       1.485        1.989   0.158
  Apex/Gutta-percha point       1.151          1.076       1.247        1.227   0.095
  Apex/Checking of obturation   0.759          0.916       0.852        1.159   0.093
  Apex/Final obturation         0.706          0.812       0.827        1.037   0.120
  General mean                  0.986          1.255       1.103        1.424   0.117

###### Two-way analysis of variance (measurement and method) with repetition

  EFFECT        DF effect   MS effect   DF error   MS error   F          P
  ------------- ----------- ----------- ---------- ---------- ---------- ----------------------------------------------
  Measurement   3           14.246      219        2.403      5.92774    0.000662[\*](#TFN01t02){ref-type="table-fn"}
  Method        1           2.0269      73         0.185      10.92811   0.001471[\*](#TFN01t02){ref-type="table-fn"}
  Interaction   3           0.03345     219        0.134      0.24896    0.862020

Statistically significant difference (p\<0.01)

There was statistically significant difference between the measurements obtained with the conventional method and the Digora^®^ software. On average, Digora^®^ measurements were 0.117 mm larger than those recorded on the conventional radiographs ([Table 1](#t01){ref-type="table"}).

With regard to comparison of image quality, in the conventional method 64.5% of the images were scored as good, 31.5% as acceptable and only 4% as poor; whereas in the Digora^®^ system, there was 100% of good images, as they had been improved by adjustment of brightness and contrast.

DISCUSSION
==========

The use of digital radiographic resources has demonstrated several advantages over conventional radiographic film[@B01],[@B04],[@B06],[@B11],[@B12]. The sensitivity of the conventional radiographic method is not the problem, but rather the ability of clinicians to interpret the images. In this context, the digital method has several advantages, due to its versatility and possibility of image manipulation[@B01],[@B10],[@B12]. The digitized images may enhance the conditions for diagnosis, treatment planning and follow-up compared to conventional radiographs, due to the technological possibilities available through digital softwares[@B03],[@B11],[@B13].

This study compared the quality of radiographic images and indirect digitization. The examiners scored 64.5% of images as good in conventional radiographs and 100% in indirectly digitized images. The factor that most contributed to the improvement in image quality was the adjustment of brightness and contrast, performed by the examiners according to their own judgment.

The difference between the filling material and apex measurements was 0.117 mm larger when the measurements recorded with the millimeter ruler on the film viewer were compared to those obtained on Digora^®^. Despite the statistically significant difference, the clinical significance of a measurement of one tenth of millimeter in endodontic treatment is not relevant. The observation of larger measurements by Digora^®^ may be related to the highest measuring accuracy of the software and increased image size when analyzed on the computer screen. The accuracy of measurements achieved on indirect digital radiographs by the Digora^®^ system was tested and did not reveal statistically significant difference between the actual and digital measurements, yet the low sample size may lead to loss of diagnostic information.

Comparison between intraoral digital sensors and conventional radiographic film for root canal length determination and measurement of endodontic files of different sizes has been previously performed[@B02],[@B05],[@B09],[@B13]. These studies revealed the superiority of conventional radiographic film for detection of smaller files, whereas there was no statistically significant difference for size 15 files[@B13]. However, the authors recommend the use of the digital system because of the possibility of reducing the patient\'s exposure to ionizing radiation and time reduction in obtaining and processing digital images.

The quality of images obtained on the Digora^®^ system was higher because brightness and contrast could be adjusted. This is an advantage of this software over conventional radiographs because the adjustment of images of lower quality avoids repetitions and consequently reduces the patient exposure to radiation.

On the basis of these results it may be concluded that the quality of indirectly digitized images was superior to that of conventional radiographs. The images of the filling material on the digitized images were 0.117mm larger than on the conventional image.
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